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ABSTRACT

The reaction of dimethylsulforide and 5-dimethylaminonaphthalene-1-
sulfonyl chloride was studied under the conditions of a pseudo-unimolecular
reaction with the dimethylsulfoxide in excess. The reaction produced 5-
dimethylaminonaphthalene-i-sulfonic acid and chlorodimethyl sulfide. The
mean rate of disappearance of the sulfonyl chlcride was meagured as
1.123 + 0.232 x 1072 sec"! and the appearance of the sulfonic acid as
1.404 + 0,229 x 107% gec™! based upon the initial concentration of the
sulfony!l chloride. Chlorodimethyl sulfide was identilled Ly gas ciroma-
tography and the sulfonic acid by its absorption properties and decomposi-
tion point., A reaction mechanism 1is proposed bassed on a sulfoxonium
intermed{ate.
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I. INTRODUCTION

Dimethylsulfoxide (DMSO) has been used extensively in recent years
because of its unique solvent and reaction cl -acteristics.}*?® In the
courgse of testing DMSO as a solvent and stabi..zer for S5-~dimethylamino-
naphthalene-1-gulfonyl chloride (DANSC) in protein staining, we have 3
observed a rapid reaction at room temperature that reeulted in a change i
in the absorption characteristics and produced a fluorescence emission.
This paper presents a simple kinetic analysis of the reactiorn and a i
proposed mechanism for the formation of 5-dimethvieminonaphthalene-1- :
sulfonic acid (DANSA) and chlorodimethyl sulfide (CDMS) via a sulfoxonium
salt intermediate that can be formulated empirically as:

DANSC  +  DMSO -  DANSA  +  CDMs
S0,C1L SO3H
T T + omscen — A
{ =5(C '
{~. _ 302 ¥ cuyesony
N(CH3) N(CH,),

II. EXPERIMENTAL

A. MATERIALS

DANSC, DANSA. and CDMS were obtained from the K and K Labs, Inc.,
New York, and the DMSC and ether were reagent grade from Fisher Scientific
Co., Silver Spring, Maryland. The materials were used without further
purification. The molar absorptivities were determined as follows:

DANSC {n cther, €3¢0y, = 3.62 x 10°, DANSA in DMSO, cyppn = 4.77 x 107

In a mixture of DMSO end ether the wavelength of maximum absorbance for
DANSA shitted to 316 my but ¢ remsined the same.




B. KINETICS

The decrease in absorbance at 360 m: for DANSC and increase at 316 ™) S
for CANSA were followed simultaneously on a Beckman DK-2 spectrophotometer ;
equipped with an automatic repetitive scanning attachment using 1.0-cm
quartz cuvettes. The spectrum was scanuned from 355 my to 265 my with a
scanning time of approximately 90 seconds. The reaction was followed for
approximately 20 minutes; the exact times were recorded for each experiment.
The order of addition of reagent: was always the same. Starting with a
given volume and concentration of DANSC in ether, ether and DMSC were .dded
in the proportions required to give the final desired concentrations. A.1
reaction times were measured from the time of addition of the DMSO. The
DANSC concentration ranged from 0.61 x 10°* to 1.85 x 10" M. The DMSO
concentration was 6.15 M to give a large excess consistent with a pseudo-
unimoleenlar reaction. All of the kinetic studies were made at room
temperature. Ether was chusen a: 2 veaction solvent to prevent crmplicated
side reactions,®

ARl e

C. IDENTIFICATION OF REACTION PRODUCTS

The increase in the absorbance at 316 m. served to identify the DANSA
formed in the reaction. It was further identified in a preparative experi-
ment described later, The CDMS was identified by gas chromatography using
a 4 ft x 6 mm colum of Carbowax-20 M (5%), Haloport F (30/60 mesh} with
programming at 11 C per min from 60 to 170 C on an F and M model 500 gas
chromatograph. The CDMS identificatioa was confirmed by comparison of
the peak and retention time with an authentic sample.

In a preparative experiment, the reaction mixture was allowed to stand
for 24 hours at room temperature. A sample was removed and gas-chromatographed
as before. Orly two peaks were observed 2nd these wer» confirmed to be DMSO
and CDMS with authentic samples treated the same way. ‘he ether was removed
from the remaining reaction mixture by gentle heating on a water bath and
1.0 ml of the residual solution was removed, diluted te 10C m] with 2150,
and examined spectrophotometrically. A single peak was obsevved at 322 my
4s e idence of the presence of DANSA. The remsining solution was treated
accoiding to the procedure of Laurence.® 4 201{4 material was obtained
which when recrystallirzed from 0.1 HCI had & decomposition point of 292 C
(uncorrected) compared with 294 C (uncorrected) for an authentic sampl >
Quantitative recovery of the DANSA was not uade because »f its extreme
sclubilfty {n DMSO. The {solated materisl redissolved in DMSO showed
only one absorbance peak at 322 my, substantlating the presence of DANSa.




ITI. RESULTS

Figure 1 18 a reproduction of a repetitive scan spectrum for a single
kinetic experiment. From this set of curves and others the absorbance at
360 my and 316 oy was determined and plotted as @ function of time and the
slopes were determined. The logarithms of these slopes were plotted against
the logarithms of the concentration of DANSC to establish the order of the
reaction &8 a function of the concentration of DANSC. Figure 2 shows the
results for the appearance of DANSA and the disappearance of DANSC. Both
slnnea are spnroximately ome ipndicating first-order dependence. Further
first-order dependence was confirmed using the integrated rate equations,
half-iife derendence, and by the differential method. The first-order
rate coustant for the disappearance of DANSC was 1.123 + 0,232 x 108
sec”? and ror the appearance of DANSA was 1.404 - 0.229 x 10728 zec™! -e
a function of the initial concentration of the DANSC.

When the concentration of DMSO wes varied over approximately a three-
fold range at constant concentration of DANSC, a linear dependence on DMSO
concentration was observed. Acccrding to Tay]_or,5 under the conditions of
a pseuvv-unimolecvlar reaction these rates are only apparent. Dividing
each of these rates by the corresponding concentration of the DMSO irnitially

-

present glves the true rate as 1.55 + 0.270 x 107%* sec™*.

IV. DISCUSSION

The oJdherence of the results ~f the reaction to the pseudo-unimolecul:r
kinetics as a function of the concentration of DANSC and the constancy of
the rate as 4 function of the DMSO are indicative of a bimolecular rcaction.
The presence of a isosbestic polnt in Figure 1 ..t 340 my, although not
absolute proof, indicates only two reactants; the identif.~sation cof only
two products of the reaction is additional evidence for the formulation
of the reaction as shown in the equation on page 5. Further, Bordwe!l and
Pitt® have shown CDMS and benzoic acid and CDMS and HC! to be products of
the reaction of DM50 with berzovl and thionyl chloride respectively. With
silicon tetrachloride, Lappert® has shown the products to be CDMS and HCI,
DHSO has also been shown to react with a varietv of miterials such as
aromatic sulfonic acid esters,” sulfonamides,® alcohels,” and phenols.*”+
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A suggested mechanism for the reaction is given in the follwwing
scheme, beginning with a nucleophillic ~ttack by the DMSO (IT) on the
sulfur containing the chloride in DANSC (I) with the formatior of a
sulfoxonium intermedia*> (II1). The chloride ion then disvlaces the
oxvgen-containing group in (ITI, vy attack at the sulfur jon tc¢ giv. the
sulfonium compound (IV), which re..rranges to give CDMS (V) and DANSA (V).

— ~—
$0,0-3(CHy), | +
-~
- N i
~ -
N(C."3),
L -
I IT 111
DANSC DMSO
. ]
S0, -
D
-
~ \ { +
+ C1lHyCECHs «— i I (cn. ), scl ;
~ L_ 372
A ]
N(CH3)2 N(CH3)2
-~ —
VI v v
DANSA CDMS
This pr 1 mechanism is consistent with that propesed for (he reaction
of the . ‘th organi~ and {norganic acvl halides, *  anhvirides, ~+"%

end alkyi des.
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Although the redction in ether at room temperature proceeded moderately

gas chromatographic and spectrophotometric analyses of the reaction
mizture gave ro indication of other products, it was noted that wh  the
DANSC was added directly to DMSO the solution became warm and passed
through sevaral color changes from red to yellow to ccolorless. This

change in color was not investigated but it might possibly be related
to the intermediates formed.

o s e
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